Gibberellic acid (GA3) sensitivity (measured as a-amylase production) of the isolated aleurone tissue/deembryonated seed of two wheat (Triticum All seeds were deembryonated by dissecting the embryo prior to the start of experimentation. The deembryonated seeds were surface sterilized by soaking for 7 min in a 50% solution of NaOCl (4% w/w available chlorine). After copious washings with distilled H20, the deembryonated seeds were transferred aseptically to a large sterile Petri dish containing two pieces of filter paper and 10 ml of sterile distilled H20. The deembryonated seeds were allowed to imbibe for 24 h and 30°C unless stated otherwise. Aleurone layers from Kite were prepared according to Gibson and Paleg (6). The aleurone layers were weighed and samples (1 g fresh weight) were transferred to 125-ml conical flasks containing 5 ml ofdistilled H20 and 10 mg/l streptomycin. Preincubation for various lengths of time (0-24 h) at various temperatures (5-30°C) was carried out in a water bath shaking at 50 oscillations/min and, at the end of preincubation, the ambient solution was poured off and replaced with 5 ml of 20 mM Ca(NO3)2 with different concentrations of GA3. The flasks were then returned to the water bath oscillating at the same speed and the tissue was incubated for a further period of 24 h at 30°C. All operations were carried out aseptically and all glassware was sterilized by autoclaving; solutions were sterilized by passage through a Millipore filter (0.22 MAm pore). At the end of the incubation period, the ambient fluid was decanted and the aleurone layers were homogenized with an Ultraturrax (Janke and Kunkel KG, West Germany) in 7 ml of grinding medium containing 0.1 M NaCI and 0.02 M calcium acetate. The homogenate was centrifuged at 3,000g for 10 min and the supernatant was combined with the ambient from the incubation flask. This extract was assayed for a-amylase activity according to the method published earlier (7).
Low temperatures have been shown to alter numerous physiological responses ofplant tissues; stratification ofseeds, breaking of dormancy in buds of deciduous trees, vernalization, are all well documented in the literature (16) . More specifically, there are numerous examples of interactions between gibberellin responses and low temperatures with various species ofgrasses (1 1, 12, 18) , tomato (14) , and Azuki bean epicotyls (15) , etc. Recently, it has been shown that low temperature can induce GA3 sensitivity in aleurone tissue of wheat seed with the Rht3 dwarfing gene (17) . In the present investigation, we explored the effect of low temperature on the GA3 sensitivity of aleurone tissue containing the other two dwarfing genes, viz Rhtl and Rht2. Preliminary experiments with two wheat varieties containing either Rhtl or Rht2 dwarfing genes showed that we could increase the GA3 sensitivity of the aleurone tissue by a low temperature treatment prior to the addition of GA3. The increase in sensitivity was monitored by determining the amounts of a-amylase produced by the aleurone tissue in response to exogenous GA3. In this and the next paper, we present a characterization of this low temperature-induced increase in GA3 sensitivity and its attendant biochemical changes in the aleurone tissue, in the hope that it will throw some light on the primary site of hormone action. All seeds were deembryonated by dissecting the embryo prior to the start of experimentation. The deembryonated seeds were surface sterilized by soaking for 7 min in a 50% solution of NaOCl (4% w/w available chlorine). After copious washings with distilled H20, the deembryonated seeds were transferred aseptically to a large sterile Petri dish containing two pieces of filter paper and 10 ml of sterile distilled H20. The deembryonated seeds were allowed to imbibe for 24 h and 30°C unless stated otherwise. Aleurone layers from Kite were prepared according to Gibson and Paleg (6) . The aleurone layers were weighed and samples (1 g fresh weight) were transferred to 125-ml conical flasks containing 5 ml ofdistilled H20 and 10 mg/l streptomycin. Preincubation for various lengths of time (0-24 h) at various temperatures (5-30°C) was carried out in a water bath shaking at 50 oscillations/min and, at the end of preincubation, the ambient solution was poured off and replaced with 5 ml of 20 mM Ca(NO3)2 with different concentrations of GA3. The flasks were then returned to the water bath oscillating at the same speed and the tissue was incubated for a further period of 24 h at 30°C. All operations were carried out aseptically and all glassware was sterilized by autoclaving; solutions were sterilized by passage through a Millipore filter (0.22 MAm pore). At the end of the incubation period, the ambient fluid was decanted and the aleurone layers were homogenized with an Ultraturrax (Janke and Kunkel KG, West Germany) in 7 ml of grinding medium containing 0.1 M NaCI and 0.02 M calcium acetate. The homogenate was centrifuged at 3,000g for 10 min and the supernatant was combined with the ambient from the incubation flask. This extract was assayed for a-amylase activity according to the method published earlier (7) .
MATERIALS AND METHODS
In the case of Aroona, ten deembryonated seeds were preincubated in 125-ml conical flasks for 20 h at 5°C and 30°C. The other procedures were exactly as outlined above.
RESULTS
Effect of Low Temperature on the GA3 sensitivity of the Aleurone Tissue. Sensitivity to GA3 ofthe aleurone tissue of Kite and deembryonated seed of Aroona, preincubated at different temperatures and for various lengths of time, was monitored by determining the amount of a-amylase produced as a result of 24 h incubation at 30°C with different concentrations of exogenous GA3. (In this paper and the next, the terms 'GA3 sensitivity' and 'GA3 responses' have been used interchangeably.)
While preincubation time or temperature had no effect on the sensitivity of the aleurone tissue in the absence of exogenous GA3 ( Fig. 1 Lowering the preincubation temperature from 30°C to 1 5°C had no effect on the GA3 sensitivity, and the first significant increase occurred at 10°C and 5°C after 12 h of preincubation, when the exogenous GA3 concentration was 0.1 or 1.0 yg/ml (Figs. 3 and 4) . At a GA3 concentration of 0.01 gg/ml, the increase in sensitivity was significant only at 5°C after 12 h preincubation, and the low temperature-induced increase at this hormone level was much reduced when compared to that of the higher GA3 concentrations (Figs. 24) . The similarity of the effect of low temperature on the GA3 sensitivity of both the isolated aleurone and the deembryonated seeds of Kite rules out the involvement of the embryo and the endosperm in perceiving or responding to the low temperatureinduced GA3 sensitivity (Fig. 5, A and B) .
In the case of Aroona, a 20h preincubation at 5°C, as compared with 30°C, of deembryonated seeds caused a 1.88-fold increase in GA3 response (Fig. 6) . Although the magnitude of the increase in GA3 sensitivity in the case of Aroona was consid- erably smaller than that of Kite, the nature of the effect is essentially the same. Table I . 7 . Time course of a-amylase production by isolated aleurone layers of Kite (Rht2) preincubated for 20 h at 5°C or 30°C. a-amylase produced was assayed at the end of incubation periods of different durations with ± 0.1 sg/ml GA3 at 30°C. All procedures involved in the isolation, preincubation, and incubation of aleurone layers were as detailed in "Materials and Methods." Each value represents a mean of three replicates.
of a-amylase production (Fig. 7) . After 6 h incubation with GA3, the aleurone tissue preincubated at 5C produces a-amylase at a much higher rate than the tissue preincubated at 30°C, and this difference in rate is evident even after 36 h incubation. We concluded, therefore, that the increased amount of a-amylase produced by the 5C incubated aleurone tissue during the sub- sequent 24 h incubation in GA3 is due to a higher rate of aamylase production and not to a shortening ofthe lag-phase (Fig.  7) . The lag time of 6 h detected in this work, lies in the 4-to 8-h range reported in other studies (1, 8, 9) . DISCUSSION Both Kite (Rht2) and Aroona (Rhtl) have at least one of the Norin 10 dwarfing genes, Rhtl and Rht2. These genes are partially recessive, independent genes which together act additively in rendering the aerial tissues insensitive to GA3 (3, 5) . Although it is not yet clear that GA3 insensitivity from this genetic source operates fully in the aleurone tissue, it is clear that Norin 1O-Brevor 14 (Rhtl + Rht2) carries a gene or genes which does render the aleurone issue insensitive to GA3 (4) .
Since the pedigrees of both Kite and Aroona contain Norin 10-Brevor 14, it seems most probable that the GA3 insensitivity of their aleurone tissue can be attributed to this genetic component. Supporting evidence for such a conclusion, at least in the case of Kite, is the finding that this variety is resistant to preharvest sprouting and that one of the main probable causes for this is the lower rate of a-amylase production (13) .
It is highly unlikely that the low temperature treatment in our experiments is effective via an increase in the levels of endogenous gibberellins since there is no effect on GA3 sensitivity in the absence ofexogenous GA3. It has been shown that the genetic dysfunction of an Rht3-containing dwarf wheat was located in the aleurone tissue since GA3 release from the embryos of insensitive varieties during germination was similar to that of sensitive genotypes (4) . Furthermore, genetically induced GA3 insensitivity in the aleurone tissue of Rht3 mutants did not operate via an alteration of the properties of a-amylase, the uptake and metabolism of GA3, or by increases in the levels of endogenous inhibitors (2, 10) . Given the similarity in the low temperature-induced increase in GA3 sensitivity in the aleurone tissue of Rht3 mutants (17) to that of the Rhtl-and Rht2-containing varieties, it seems possible to conclude that the low temperature-induced increase in GA3 sensitivity in the Rht1 and Rht2 mutants is also unlikely to be the result of low temperature on the above-mentioned factors.
The low temperature induction of GA3 sensitivity seems to be operative in aleurone tissue of only varieties having at least one of the three Rht alleles (Table I) . It is probable, therefore, that the low temperature treatment effect which 'cures' or circum- GA3 itself would become a limiting factor, unable to saturate the increased number of GA3 receptor sites which were produced as a result of the low temperature treatment. This is very similar to an earlier report in which it was found that a low GA3 concentration could become limiting in the a-amylase response (10) .
Furthermore, the low temperature-induced increase in GA3 receptor sites does not seem to be an 'all-or-none' process, but a quantitative, temporal one, since a 20-h preincubation at 5C produces a significantly greater amount of a-amylase than a 16-h preincubation. This probably implies the co-existence of both activated and nonactivated cells in the same aleurone tissue, a situation very similar to the one suggested earlier (8) . It is also possible, but not as likely, that all the cells gradually increase in GA3 sensitivity in a synchronized manner.
The relationship between the low temperature-induced GA3 sensitivity in Kite aleurone tissue and changes in amounts of certain of its component phospholipids will be the subject of the next paper in this series.
